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Soils in Lea-Artibai County (northern Spain) show three significant features:frequent absence of A horizons, higher nutrient concentrations in the surface min-eral horizon of past or present arable fields compared to those in forest or shrub-
land, and the common presence of calcareous horizons in arable fields which is out of
character with the region’s humid climate. Farmers stopped applying lime around
1950, so the third feature is interpreted as the result of over-liming since the eighteenth
century. The “maize revolution” that began in the mid-seventeenth century relied upon
a three-crop rotation system using bracken as a primary fertilizer along with animal ma-
nure and lime obtained from local kilns that burned gorse. Extraction of these plant ma-
terials resulted in a negative phosphorus balance of phosphorus and the acidification of
shrubland soils. The county could not accommodate these various land uses in the early
twentieth century, and extraction of leaf litter from forests and shrublands became nec-
essary. In the “concentrational agriculture” of the maize revolution, organic matter and
nutrients accumulated in arable fields and diverted ecological pressure onto shrubland
and forest soils, creating a “metabolic rift” that is still evident in the soils of Lea-Artibai
County.
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Suelos actuales y uso histórico del territorio:
la «economía del helecho» en la comarca de Lea-Artibai
(País Vasco) entre finales del siglo XIX y principios
del XX
PALABRAS CLAVE: brecha metabólica, degradación de suelos, fer-
tilización de suelos, suelos ácidos.
CÓDIGOS JEL: N53, Q15, Q24, Q34.
Los suelos de la comarca de Lea-Artibai (Bizkaia) muestran tres rasgos signi-ficativos: frecuente ausencia de horizonte A, mayor concentración de nutrien-tes en el horizonte mineral superficial de parcelas que en algún momento se han
cultivado en comparación con aquellas que se han mantenido siempre en uso forestal
o matorral, y la frecuente presencia de horizontes calcáreos en contradicción con el clima
lluvioso de la región. Dado que la aplicación de cal desapareció hacia 1950, este úl-
timo rasgo se interpreta como un resultado del exceso de encalado practicado históri-
camente. La revolución del maíz iniciada en el siglo XVII se apoyó en el uso del hele-
cho como fertilizante básico, junto con deyecciones de los animales, y la aplicación de
cal obtenida en hornos alimentados con argoma. La extracción de estos materiales ve-
getales implicaba un balance negativo de fósforo y la acidificación de los suelos de ma-
torral. La comarca no podía acomodar estos usos a principios del siglo XX, y se hizo
necesaria la extracción de hojarasca de bosques y matorrales. La revolución del maíz
estuvo basada en una agricultura de concentración en la que la materia orgánica y
los nutrientes se acumulaban en los campos de cultivo a costa de desviar la presión eco-
lógica hacia los suelos de bosques y matorrales, creando una brecha metabólica que to-
davía hoy es evidente en los suelos de Lea-Artibai.
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1. SOIL NUTRIENTS IN AGRICULTURAL HISTORY: NOT ONE BUT A
DOUBLE METABOLIC RIFT
Agrarian systems reflect the interaction between specific social systems, land units, and
historical periods, and their analysis may be performed at different spatial scales (crop,
field, farm, township...) with different criteria required at each scale (Giampietro, Cer-
retelli & Pimentel, 1992). Changes in any of the components involve the appearance of
a new agroecosystem, whether they are related to the introduction of new crops (González
Cembellín, 1990), to the expansion or contraction of human population (Arnáez et al.,
2011), to climate changes (Aragón, 2013; Tello et al., 2017), or to changes in the land base
of the agroecosystem (Evans, 1990). Agroecosystems are continuously evolving; their tem-
poral scope is generally quite limited, and cannot provide a long-term perspective on suc-
cessful agricultural management (Altieri, 2004: 41) if by “long-term” we mean centuries.
Terms such as “modern” or “traditional systems” therefore provide little information
about the system in question.
The literature shows various cases of “traditional” agricultural systems running on a
nutrient deficit at the scale of the crop field (González de Molina et al., 2015; Corbacho,
2017), and even producing intense soil erosion (Soto et al., 1995; Lasanta, Nadal-
Romero & Errea, 2017). The rainfed Leeward Kohala Field System in Hawai’i depleted
soil phosphorus between 1650 and 1800 (Ladefoged & Graves, 2010). Cotton produc-
tion in the southeastern region of the United States of America (USA) showed a net ni-
trogen deficit before the Civil War, had a disastrous impact on soils between 1865 and
1950 as a result of soil erosion, and was running on a phosphorus deficit until the adop-
tion of synthetic fertilizers around 1920 (Richter & Markewitz, 2001: 119-33). Similarly,
various agricultural systems around the world may have produced negative phosphorus
budgets (Newman, 1997), and English agriculture in the fourteenth century, at least in
some areas, showed declining yields as a result of such deficit (Newman & Harvey, 1997).
But a decline in any nutrient, or in organic matter, may not necessarily result in declin-
ing yields, because, as Vitousek et al. (2010: 36) propose, ecosystems exhibit threshold re-
sponses to gradual changes in environmental conditions.
Christiansen (1996) proposed the concept of “concentrational agriculture” to char-
acterize the fluxes of nutrients within wider agricultural ecosystems and defined it as types
of agriculture based on local concentration of plant nutrients. But the concept of concen-
trational agriculture may be widened to include not only nutrients but also water and other
resources. Inhabitants of the island of Mangaia (Polynesia) provoked profound and irre-
versible modifications of the mountain ecosystems in order to produce soil erosion in these
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mountains, and increase the size of the alluvial basins and develop their irrigated agri-
culture in the lowlands (Kirch, 1994: 309).
In any case, many pre-industrial agroecosystems relied, to a greater or lesser extent, on
the import of materials from other land units of the system (i. e., forests, heathland, pas-
tures) as fertilizers and/or amendments for the arable land (Christiansen, 2001; Balboa &
Fernández Prieto, 1996; Tello et al., 2010, 2012; Galán del Castillo, 2017). The “nutrient
carriers” were quite diverse, and some of these imported materials were applied directly on
the agricultural land, others were used as bedding for the farm animals and then applied
to the soil mixed with dung and slurry, while other materials were burnt prior to their ap-
plication in the field (Olarieta et al., 2011). Over 60,000 carts of peat ashes were imported
into Belgium from the Netherlands in 1761 to fertilize agricultural fields (Lindemans, 1952,
cited by Langohr, 2001). In some cases, these materials were not intended as nutrient car-
riers but as amendments to improve the physical characteristics of soils. That was the case
with the organic matter included in all these plant materials, but also with the sand extracted
from beaches or the peat directly mined from heathland soils that improved the arable land
of many regions in northern Europe. The end result of this transfer of materials was the pro-
duction of “plaggen soils” up to 100 cm-deep in some arable fields of northern Europe in
a process that took over 700 years (Davidson, 1982: 17-8). In the home gardens around Paris
during the early twentieth century tenants were allowed to remove and take with them the
0.5 m of topsoil from the plots at the end of their tenancy (Cascón, 1918: 19).
But such concentration of nutrients in arable fields cannot be delinked from the com-
plementary depletion of nutrients, or even wholesale soil-mining, imposed on peatland, pas-
tures, shrublands, and forests. A farm in Denmark c. 1840 transferred over 210 Mg.y-1 of
various materials from 270 ha of heathland to its 2-3 ha of arable land (Christiansen, 2001).
Depletion of soil nutrients in the outfields of farms in Greenland in the eleventh-fifteenth
centuries is still evident today (Golding et al., 2015). 
The significance of such past transfers of materials both for the importing fields and
for the source fields is still relevant today. The infield of the farm in Denmark studied by
Christiansen (2001) still requires about 50 kg of fertiliser less per hectare than the sur-
rounding areas 150 years after those transfers of nutrients were conducted. The in-
creased pH and levels of plant nutrients in agricultural soils of Belgium can be traced back
to similar practices (Langohr, 2001). Koerner et al. (1997) show how fields which are now
forests in the Vosges mountains in France but were arable land in the nineteenth century
have higher pH values and phosphorus concentrations than fields that have always re-
mained as forests, and how present vegetation is influenced as a result. Similar patterns
appear in the USA (Richter & Markewitz, 2001: 134-47).
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Karl Marx proposed the concept of a “metabolic rift” to express the rupture between
humans and nature under industrial capitalism. He described the transfer of soil nutri-
ents from agricultural to urban areas, and eventually into streams, as a result of the so-
cial division of labour, leading to the depletion of agricultural soils (Foster, 2000: 155-
63). Some authors have criticized the concept with inaccurate arguments (e. g., Schneider
& McMichael, 2010). While some nutrients may be replenished in the arable fields from
renewable resources (e. g., nitrogen from the atmosphere), phosphorus in particular, can-
not be obtained from any renewable resource and is generally absent, or only present in
extremely small amounts, in geological materials. From the point of view of an objective
concept of sustainability (Hueting & Reijnders, 1998), any negative nutrient budget im-
plies an unsustainable agroecosystem. At best, a negative budget may be sufficiently small
in comparison to the nutrient stock in the soil that soil depletion would take place in such
a “long term” (may be millennia?) as to be considered “sustainable”. 
2. LEA-ARTIBAI COUNTY AND ITS PRESENT SOILS
Lea-Artibai County covers 20,584 ha in the province of Bizkaia in the humid area of the
Basque Country in northern Spain. The population in the county has steadily increased
since the eighteenth century, from 16,176 inhabitants in 1860, to 19,514 in 1920, and a
maximum of 28,756 in 19701.
It is a mountainous county, stretching from sea level up to 1,028 m, and only 14% of
its land, about 2,957 ha, has a slope of less than 20%. It has a temperate humid climate,
with a mean annual rainfall of 1,100-1,550 mm, an estimated mean annual drainage of
700 mm, and a mean annual temperature of about 14ºC.
Soil surveys of the county include data on 339 soil profiles (Olarieta, 1993; Olarieta
et al., 2006) covering all the soil parent materials and land uses present in the county. We
confirmed the past land use of these soils (i. e., arable, grassland, forestry, or shrubland)
as described by the farmers using the earliest available aerial photographs of the region,
which date to 1946.
Although no erosion processes were obvious at the time of the surveys, soil profile fea-
tures showing past erosion were common, with 16% of the 339 soils sampled showing an
A horizon less than 20 cm deep and another 2% showing no A horizon at all. Within the
1. Estimated from ENRÍQUEZ (1996), GALARZA (2000), LÓPEZ MUSATADI (1998), LORENZO
(1996), MARTÍNEZ FERNÁNDEZ (1993), OLABARRÍA (1997), and PRADO (2004).
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sampled soils, those kept under arable always had slopes of less than 23%, but in the past
a significant amount of land had been under a clear risk of water erosion, as 6% of those
sampled soils that were under arable in 1946 had slopes over 40%, and 17% had slopes
of 20-40%.
Soil erosion producing such features may have happened in any historical period, but
must have been frequent in the nineteenth and early twentieth century. Humboldt (1999:
95), who travelled around the region in 1799, described how fields and home gardens climb
the steepest hills due to the assiduity of the inhabitants, and Zamacola (1900: 5) praised the
industriousness of the farmers, such that even the top of the mountains and the deepest gul-
lies were cultivated in many places. Even accounting for literary hyperbole, soil erosion by
rainfall must have been intense in these circumstances. In the 1950s as most fields of maize
[in the township of Aulestia] are on slopes, the soil tends to be washed down. Therefore, the
farmer loads a basket or a cart with this soil and takes it back to the upper part of the field.
Needless to say this is a hard and time-consuming job (Douglass, 1977, vol. 1: 53).
We compared by means of the Kruskal-Wallis test the soil characteristics (Table 1) of
two different kinds of fields which currently support forest (Pinus radiataD. Don) plan-
tations or shrubland: “former arable” fields were under arable in 1946 (number of sam-
ples n = 34) while “continuous forest” fields were shrubland or forest at that time (n =
129). Continuous forest fields generally exported plant material (i. e., firewood, bracken,
gorse, plant litter) in the past, while former arable fields received this material. 
Former arable soils show significantly higher pH values than continuous forest soils
(Table 1). In 25% of the fields sampled in the former arable class surface soil mineral hori-
zons have a pH over 6.0 and reach values up to 7.9. Only 4% of the land on slopes less
than 20% steep has a pH lower than 5.5, whereas 81% has a pH of 6.5-7.5, and 8% has
a pH over 7.5. This high pH values are not consistent with the high amount of rainfall in
the area, and show that farmers made an intense effort in liming arable fields, mostly lo-
cated on the flatter areas of the county, up to the 1950s. As a result, the concentrations
of exchangeable calcium and magnesium are also higher in former arable soils than in con-
tinuous forest soils (Table 1). Organic matter and C/N ratio (ratio of organic carbon to
nitrogen) values are significantly smaller in former arable soils than in continuous forest
soils (Table 1), which suggests a slower mineralization rate of organic matter in the lat-
ter, while concentrations of Olsen phosphorus are significantly higher in former arable
soils. 
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TABLE 1 
Comparison of mean values (with standard deviations) of various characteristics
of the surface mineral horizons of soils currently under forest plantations
in Lea-Artibai in relation to their land use in 1946
Land use pH Exch. Ca Exch. Mg Organic C/N Olsen P 
1946 (cmol (+)/kg) (cmol (+)/kg) matter (%) ratio (mg.kg-1) 
Arable 5.7 (0.8)(n = 33) 10 (3)(n = 14) 1.3 (0.9)(n = 14) 3.9 (1.3)(n = 32) 10 (2)(n = 29) 7 (6)(n = 31)
Forest/shrubland 4.4 (0.6)(n = 128) 2 (3)(n = 53) 0.5 (0.5)(n = 53) 5.1 (4.0)(n = 125) 13 (3)(n = 112) 2 (5)(n = 121)
P-value <0.0001 <0.0001 0.0001 0.008 <0.0001 <0.0001
P-values according to Kruskal-Wallis test. Exch. Ca, Exch. Mg: exchangeable calcium and magnesium, re-
spectively; C/N ratio: ratio of organic carbon to total nitrogen; Olsen P: Olsen phosphorus. 
Source: our calculations from data in Olarieta (1993) and Olarieta et al. (2006). 
In summary, soils of Lea-Artibai County (Bizkaia, northern Spain) show a polarization
of nutrient concentrations between present and past arable fields and those fields that have
always been used as forest or shrubland, and the common presence of horizons with very
acid pH in the latter while the former frequently had basic pH or even calcareous reac-
tion. This pattern in soil characteristics points at a long-lasting influence of the fertiliza-
tion systems used before synthetic fertilizers were widely adopted. The relative enrichment
of former arable soils suggests that they were fertilized in amounts over what crops re-
quired. But where did this fertilizer come from? In this paper we focus on the biomass
and nutrients extracted from bracken and gorse fields, which were the basis of the fertil-
ization system. We aim at quantifying the export flux at the field scale, and upscale our
assessment to the whole county by estimating the area of those land use systems neces-
sary considering different assumptions in relation to the fertilizer requirements.
3. A LATE EXPANSION OF AGRICULTURE 
Up to the sixteentth century, the wet climate and narrow valleys in Bizkaia could only pro-
vide room for an agriculture based on cider apple orchards and shifting cultivation of small
wheat fields growing among the apple trees, and therefore tithes were paid with apples
or cider (Iturriza, 1885; Fernández Pinedo, 1974). These conditions allowed an exten-
sive livestock production, mostly based on free-ranging pigs (Iturriza, 1885), that occu-
pied the higher slopes of the county up to the thirteenth century (Fernández Albaladejo,
1975). But the forests and small ironworks dependent on them were the basis of the econ-
omy up to the end of the eighteenth century (Ainz, 2001). These ironworks first appeared
in the higher areas, within forests that provided charcoal. In the fifteenth and sixteenth
centuries iron production expanded to the valleys to make use of the hydraulic energy of
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rivers. Urzainqui (2007) suggests that the agricultural colonization of many of the valleys
in the humid Basque Country did not take place until the ironworks descended from the
hills into the valleys. But as Enríquez (1996) describes in the village of Aulestia, the own-
ers of the ironworks dictated the use of the common and local land (i. e., that owned by
the local council) all the way into the eighteenth century.
A significant agricultural sector emerged with the demographic expansion and creation
of villages between the thirteenth and sixteenth centuries, as apple orchards and some
forests were turned into arable wheat fields that may have been used under a form of shift-
ing agriculture (Fernández Pinedo, 1974: 23; González Cembellín, 1990: 90; Aragón,
2015: 91). In the sixteenth century wheat substituted for apples as the currency for tithes
(Fernández Pinedo, 1974; Ainz, 2001), but by the end of the century there was still lit-
tle agriculture and the deficit in basic food grains was still covered, when possible, by im-
ports from other regions in Spain, France, and England. Farmers were mostly part-timers
as their basic job was in the ironworks (González Cembellín, 1990; Ainz, 2001). 
In the fourteenth century, when English agriculture was already running out of land
suitable for arable cultivation and showing signs of declining soil fertility (Newman & Har-
vey, 1997), agriculture was only beginning to take off in Lea-Artibai County. In the vil-
lage of Aulesti most of the farms date to the fifteenth century, and no new ones were
founded after the end of the eighteenth century (Douglass, 1971).
4. THE “MAIZE REVOLUTION”
Maize only became a component of the human diet as important as wheat in the region
in the middle seventeenth century, when crises in the trade, fishing and iron industries
brought many workers back as full-time farmers (Ainz, 2001). The “maize revolution” in-
volved the introduction of maize into crop rotations, and less so the opening of forest land
for agriculture. Maize took the place of millet as the summer crop in the rotation, and was
intercropped with beans. Three crops were obtained in two years, with forage crops
(turnips, red clover, alfalfa, fenugreek) grown in the period between the harvest of wheat,
which was frequently intercropped with broad beans, and the sowing of maize. 
The new rotation considerably increased self-sufficiency in food production. Arizcun
(1987) estimates that grain production in Bizkaia tripled between 1590 and 1775, and
suggests that this was not so much the result of the conversion of forest land to agricul-
ture as of the introduction of new crops and the transformation of swidden fields into per-
manent arable. But other authors state that during the first half of the eighteenth century
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much land was turned to arable and new farms established (SBAP, 1768), and Fernán-
dez Albaladejo (1975) dates back to 1780-90 the main thrust of the conversion of forest
land into permanent arable. The Abbey of Ziortza, probably the largest landowner in Lea-
Artibai County, leased part of its land in emphyteutical contracts between 1740 and 1777
and again in the 1850s (Fernández Pinedo, 1974). 
This conversion to new arable land produced many conflicts in the eighteenth cen-
tury both with foresters and with already settled-farmers who could no longer make use
of the land to collect the different plant materials they needed (Fernández Pinedo,
1974). The two year-rotation required an intense fertilization regime based on the ex-
traction of basabera (bracken, gorse, and plant litter) from shrub and forest land. Bracken
and plant litter were used as fertilizers after composting or after being used as bedding
for animals and subsequently applied to the fields mixed with dung. Gorse was mostly
used to fuel the kilns that produced the lime required to amend soil acidity. Furthermore,
some farmers, in order to correct the shallow and weak nature of their soils, bring soil from
chestnut tree forests and other forests considered of superior quality (SBAP, 1768: 32). Gara-
garza (1859: 7-8) wrote that dung from animals are but a small fraction of the fertilizers,
and extractions from the hills are the tributaries of the system… we cannot completely dis-
pose of ‘basabera’, even if it is just to obtain the litter and bracken indispensable for animal
bedding; but this extremely deleterious practice for tree growth should diminish considerably. 
Historical references describe farms in the humid Basque Country as having 1.0-1.3
ha of cropland (3-4 fanegas2) (SBAP, 1768: 164; Unamuno, 1896: 75; Vicario, 1901: 192).
For Lea-Artibai County in the 1860s, we have estimated the area of cropland from the
data on production of wheat and maize in the townships (Lorenzo, 1996: 88) and con-
sidering the yields obtained in the township of Aulesti in 1867, 800 kg of wheat and 1,200
kg maize per hectare (Enríquez, 1996) (Table 2). The result is 1,598-1,696 ha of wheat
and 1,654-1,698 ha of maize, for a total of 3,200-3,400 ha of cropland. To this figure we
should add the small portions of land with permanent grassland, which last for 6-7 years
(Madoz, 1990: 223). Considering the proportion between cropland and managed grass-
lands suggested by Trueba (1956), the latter would amount to 800-850 ha in Lea-Art-
ibai. The 3,200-3,400 ha of cropland in the 1860s amount to 11% more than the total
area in the county that has a slope of less than 20%, which means that a significant pro-
portion of this land was under a high risk of water erosion.
Cropland had probably increased in the county since the eighteenth century. Data col-
lected by Agirreazkuenaga (1987: 24) for the whole province of Bizkaia suggest that pro-
2. We have considered 1 fanega as equivalent to 0.33 ha (CARRIÓN, 1996).
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duction of wheat and maize increased by 40% between 1773 and 1850 and by 28% be-
tween 1850 and 1876. Wheat and maize production in the township of Amoroto tripled
in the eighteenth century. In the early nineteenth century there was a clear decrease in
the production of both crops but by the 1860s production had returned to levels similar
to those of 1780-1800. In the township of Markina, on the other hand, production of both
crops multiplied by a factor of 2.4 between 1800 and 1860 (Lorenzo, 1996: 87). For the
whole of Lea-Artibai County we estimate an increase of 23% in production in this pe-
riod, and we suggest that this increase up to the 1860s was mostly the result of land be-
ing converted into arable.
Gogeascoechea (1993) estimates that the proportion of forested land in each village
in 1804 varied between 1% in Ziortza, 9% in Munitibar, 15% in Aulesti, 21% in Ispaster,
23% in Mendexa, 27% in Gizaburuaga, and 59% in Amoroto, with an average of 22%.
Extrapolating this proportion to the whole county suggests Lea-Artibai had about 4,600
ha of woodland in the early nineteenth century. If we consider that the expansion of agri-
culture between 1800 and 1860 took place at the expense of this woodland, about 600
ha would have been converted to arable in this period.
TABLE 2
Yields of wheat and maize (kg.ha-1) reported in various locations in the Basque
Country from the eighteenth to the twentieth centuries
Year Wheat Maize
Mean values 1st class soils Thin soils on slopes Mean values 1st class soils Thin soils on slopes
1768* 1,050 — — 1,580 — —
17712 1,000-1,200 — — — — —
1790s2 1,400 — — — — —
18022 — 1,440 520 — 1,970 1,180
18593 — 1,848 1,230 — 2,640 1,320
1867-684 824 1,200
19005 — — — 1,440 — —
1904-336 807 — — 595 — —
Sources: 1. for the humid region of the Basque Country (SBAP, 1768: 164); 2. for various townships in the
humid region of the Basque Country (Fernández Pinedo, 1974: 213-15); 3. for the humid region of the
Basque Country (Garagarza, 1859: 4); 4. for the township of Aulestia (Enríquez, 1996: 354); 5. for Bizkaia
(Larrea,1900, cited by Gogeascoechea, 1994: 93); 6. for Bizkaia (Anuario de Estadística Agraria,
http://www.mapama.gob.es/app/biblioteca-virtual/articulos-de-revistas/rev_numero.asp?codrevista).
According to Fernández Pinedo (1974: 223) the number of animals in the farms was
small, in Oñate, in 1775 [...] there was a mean of 3.37 oxen, cows, and heifers per farm [...]
In Orozco, this value reached 5.54, and they spent most of the year, about seven months,
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grazing in communal land except for a couple of oxen, a cow, and a few pigs that remained
on the farm. While a significant decrease in the number of farm animals must have oc-
curred between 1790 and 1839 due to the various wars and the expansion of arable land
(Lanza, 1996), numbers recovered quickly (Fernández Pinedo, 1974). 
According to the 1865 census (Table 3), and considering the live weights proposed by
Flores de Lemus (1976), the total live weight (LW) of farm animals in Lea-Artibai
amounted to 3,768 Mg, cattle and sheep accounting for 79% and 12%, respectively, of
this amount. In the most common case, a farm had 2 cows or oxen plus 2 heifers. Only
three farms had over 7 Mg LW, equivalent to over 19 cows, and 50% of the 50 farms with
the highest LW in the county had the equivalent of just 8-9 cows3. Maintenance of these
animals would have required 2,650-3,843 ha of unfertilized permanent grasslands4.
Between 1865 and 1929 there was a slight increase in the total LW of animals in the
province of Bizkaia. For the 1950s, Trueba (1956) considered a typical farm in this area
of Bizkaia to have 4 Livestock Units5 that produced 60 carts of dung (about 6 Mg).
5. THE DEMISE OF AGRICULTURE
The demand for basabera increased during the middle of the eighteenth century, and some
local councils terminated free access to this resource and established regulations for its
use. Gathering basabera caused problems for the forest, as tree seedlings might have been
affected by cutting or trampling by carts, while on the other hand, farmers complained
when forest plantations shaded out bracken (Aragon, 2001: 64), and some villages dis-
allowed bracken harvesting for the first three years in new forest plantations. Even the col-
lection of dung deposited by grazing animals in common land came to be regulated in
some villages in Bizkaia (Arregi, 1984). 
3. Archivo Histórico Foral de Bizkaia, Administración de Bizkaia, Sector Primario, Industria y Co-
mercio, Ganadería, reg. 34, leg. 2. “Censo de ganadería, n.º 34, Estadística, Resumen general por
partidos judiciales y ayuntamientos, del número de ganado de todas las clases existentes en este Se-
ñorío”, 1865.
4. Estimated considering the number of farm animals (Table 2); a requirement of 5 UF.day-1 per
525 kgLW, with 1 UF being equivalent to the net energy in 1 kg of barley; a yield of 2,300-3,300
UF.ha-1.year-1 from permanent grassland; a yield of 4,000 UF.ha-1.year-1 from managed grasslands; and
a yield of 350 UF.ha-1.year-1 from crop straw (UF: unidades forrajeras, fodder units; 1UF = the net
energy of 1 kg of barley).
5. A Livestock Unit is equivalent to a dairy cow.
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TABLE 3
Number of farms with animals, animals of different types, and estimated fraction
of time that these animals spent in the barns in Lea-Artibai County, 1865
Cattle Horses & Mules Sheeps Goats Pigs
< 30 months > 30 months donkeys < 6 months > 6 months
Number of farms 1,815 158 340 763 199 1,183
Number of animals 4,843 4,473 326 586 1,557 15,258 754 1,563
Time spent indoors 10/12 10/12 5/12 5/12 12/12 5/12 5/12 10/12
Source: Archivo Histórico Foral de Bizkaia, Administración de Bizkaia, Sector Primario, Industria y
Comercio, Ganadería, reg. 34, leg. 2. “Censo de ganadería, n.º 34, Estadística, Resumen general por par-
tidos judiciales y ayuntamientos, del número de ganado de todas las clases existentes en este Señorío”, 1865.
Between 1905 and 1926 there was an increase of 64% in the area used in Bizkaia for wheat
or maize, the two main crops (Figure 1). The 1920-50s period marks the maximum ex-
pansion of arable land in the province, and the interpretation of the aerial photographs
of Lea-Artibai County from 1946 produces an estimate of 5,059 ha of this land use, of
which 3,413 ha were on slopes over 20%, and 7,140 ha of forests. For the 1950s, Trueba
(1956) defines the average farm in the eastern part of Bizkaia as having, forest plantations
aside, about 4.5 ha, 2.0 ha as arable, 0.5 ha of grassland, and 2 ha of bracken and gorse
fields.
We estimate that the rates of application of synthetic fertilizers reached 34 kg.ha-1 in
1919 and 45 kg.ha-1 in 19286. After the 1936-39 Civil War, use of these fertilizers had in-
creased in the 1940s to around 180 kg.ha-1, and by the 1950s rates of application would
have reached 334 kg.ha-1 (Trueba, 1956). 
Therefore, while current arable fields in Lea-Artibai receive heavy applications of ma-
nure and synthetic fertilizers, as recorded in interviews with the farmers, the relatively high
pH and nutrient concentration in the arable-turned-forest fields (Table 1) cannot be at-
tributed to the use of lime or synthetic fertilizers in the past 70 years. None of these prod-
ucts is applied in forest plantations; lime use was mostly discontinued, for all purposes,
in the county between 1930 and 1950; and the limited use of synthetic fertilizers up to
the Civil War was insufficient to have produced such characteristics.
6. Estimated from data on the use of fertilizers in the Basque Country (http://www.ine.es/ineba-
seweb/pdfDispacher.do?td=148522; http://www.ine.es/inebaseweb/pdfDispacher.do?td=82256) and
the area of arable land in Bizkaia (Lanza, 1996).
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FIGURE 1
Evolution of the area of main crops (ha) in Bizkaia, 1900-80 
Source: Anuario de Estadística Agraria, http://www.mapama.gob.es/app/biblioteca-virtual/articulos-de-re-
vistas/rev_numero.asp?codrevista
6. LIMING AND HARVESTING OF GORSE
The conversion of forest and shrubland into arable and the new two year-rotation
brought about the widespread use of lime to decrease soil acidity, which became so pop-
ular that some writers warned about its overuse in some soils. As the optimum pH for most
of the crops produced is 5.5-6.0 (Rowell, 1988), it is clear from Table 4 that the former
arable fields with pH over 6.0 were subject to overliming. 
SBAP (1768) suggests that the general use of lime emerged during the first half of the
eighteenth century. Almost every farm had its own lime kiln (Laffite, 1919) that required
a lot of work and expense in firewood (Larramendi, 1985: 64). Tenancy agreements fre-
quently included the duty of liming in the first year (López Musatadi, 1998: 52). Caro
Baroja (1986: 80) refers to an agreement from the early nineteenth century in which ten-
ants had to burn a lime kiln every year to produce 50 carts of lime (about 24,000 kg) to
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to the equivalent of 10 tons ground limestone per statute acre: in the light of modern knowl-
edge regarding the ill effects of overliming, it is obvious that crop production must frequently
have been seriously impaired by this practice (Walsh, Ryan & Kilroy, 1957: 106).
The decreased availability of firewood in the Basque Country also meant that burn-
ing lime kilns was increasingly difficult by the late eighteenth century, and the use of marls,
which do not require burning, was proposed as an alternative (SBAP, 1768). According
to this source, there was some debate about the appropriateness of marl as a fertilizer, or
whether it was suitable for the clayey soils of the region. The debate was opposite to that
going on in Britain, where marling was used first, probably because of its higher suitability
for the coarser-textured soils, and liming only entered the picture when cheap supplies
became available (Mathew, 1993).
In the Basque Country, arable land was limed every nine years as general practice in
the eighteenth century, but by the second half of the nineteenth century the period was
shortened to every 2-3 years (Larramendi, 1985; Laffite, 1919; Olazábal, 1857). Lime kilns
required about 100 Mg of firewood to produce 60 Mg of quicklime from 100 Mg of lime-
stone (Lange, 1996). But between the 1930s and 1950s, most kilns were abandoned in
Bizkaia, the use of lime was discontinued, even in limestone areas, and synthetic fertiliz-
ers became the norm (Arrillaga, 1960; Douglass, 1977).
The firewood used in lime kilns was mostly obtained from the branches and roots of
gorse (Ulex gallii Planch. and Ulex europaeus L.) (Caro Baroja, 1986). The heavy use of
gorse for lime kilns may explain why this species does not appear in dense stands in Lea-
Artibai, even though it is pervasive in nearby Galiza (northwestern Spain), where the min-
imal presence of limestone rocks and lime kilns, and the integration of gorse in the agri-
cultural system (Corbacho, 2017) allowed the shrub to spread widely. In Galiza it was also
used as bedding material and afterwards, incorporated into the manure, as fertilizer on
arable fields (Balboa & Fernández Prieto, 1996).
In the Basque Country gorse fields were cut every 9 years (Aragón, 2001: 95). Gorse
stem biomass may reach 36 Mg.ha-1 after 8 years of no disturbance in New Zealand
(Egunjobi, 1971). Considering the nutrient concentrations in this material (Augusto et
al., 2009), the harvest of that amount of biomass would extract 104-187 kg N.ha-1, 3-6
kg P.ha-1, 44-79 kg K.ha-1, 18-32 kg Ca.ha-1, and 12-22 kg Mg.ha-1. Considering the in-
puts from weathering of the underlying rock and from atmospheric deposition, this ex-
traction alone produced a negative budget of phosphorus. It also produced an acid load
of 0.8-1.7 kg H+.ha-1.year-1, which would have required the application of 40-80 kg
CaCO3.ha-1.year-1 to be neutralized. 
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Lime was required in two situations. A single application, may be spread in a few years,
was required when converting land from forest or shrubland to arable to increase the soil
pH from the very acidic conditions dominant in the former. And yearly amounts were ap-
plied afterwards to maintain the increased pH. The application of lime in the first case
would have also produced a much higher availability of nutrients for crops during the early
years of cultivation as a higher pH produced a quicker mineralization rate of the organic
matter accumulated under the previous forest or shrub vegetation.
We hypothesize that fields turned to arable from forest or shrubland in the study pe-
riod had a pH of about 5.0 in the surface mineral horizon, and that their current pH is
mostly the result of liming during that period. We have estimated the amount of lime re-
quired to change the pH of the surface mineral horizons to their current pH using the
buffer curves of these soils (Table 4). And the lime required to maintain the pH of soils
in arable fields has been estimated considering the amounts suggested by Rowell (1988)
according to soil pH and considering that rainfall in the county produces 700 mm of
drainage water (Table 4).
TABLE 4 
Area of soils with different pH in the surface mineral horizon in Lea-Artibai county
and their lime requirements to reach and maintain current pH
Soil Area Lime required to increase pH Lime required to maintain 
pH (ha) from 5.0 (Mg CaCO3.ha-1) pH(Mg CaCO3.ha-1.y-1)
5.0-5.5 1,012 0 0.35
5.5-6.5 1,223 14 0.70
6.5-7.5 2,249 32 1.40
> 7.5 184 96 2.80
Source: our estimates based on Olarieta (1993).
Approximately 2,700-4,900 ha of gorse fields would have been harvested to obtain the
firewood required to burn the lime necessary to increase the pH of fields upon conver-
sion to arable. Another 225-400 ha would have been cut for yearly maintenance of arable
fields, and considering the 9 year-fallow period required for gorse production, it means
that 2,000-3,600 ha of gorse fields would have been involved in obtaining this lime.
7. THE INSTITUTION OF BRACKEN FIELDS
Bracken (Pteridium aquilinum [L.] Kuhn) is a fern species that sheds its aerial biomass
every autumn but the buds in rhizomes produce new fronds that fully cover the ground
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under open conditions. Dry bracken has slightly less water retention capacity than straw
(Aguirre, 1945). Bracken fields became indispensable for the maize revolution, and even
as late as the 1950s bracken fields play a fundamental role in the rural economy (Douglass,
1977: 63). Arburu (1956) stated that farmers know perfectly well that their harvests de-
pend on having animals in order to have fertilizer and on having bracken fields to produce
this fertilizer.
Each farm had its own bracken fields, and in some villages it was also assigned a
bracken field in the common land, the limits of which were defined by the farm’s land ti-
tle (Caro Baroja, 1986). In Baztan County, each farmer was allowed to claim individu-
ally a maximum of 2.3 ha in the common land (Arizcun, 1988). This assignment was for
an indefinite period of time in some places, while in others it was for only five years due
to high demand in the early twentieth century (Urzainqui, 2007). Access to bracken fields
and basabera in common land was free in many cases until the eighteenth century (Fer-
nández Pinedo, 1974) and remained so in villages with extensive areas of bracken (e. g.
Ziortza) (Unamuno, 1896). In other places bracken harvesting was a communal affair reg-
ulated by local and/or provincial norms (Vicario, 1901). Bracken harvesting was not al-
lowed before early September in general, particularly in townships with smaller areas of
shrubland (e. g.Munitibar). A maximum number of people per family was allowed to work
during a strictly defined period of time, usually 8-10 days, and only specific cutting tools
were allowed (Unamuno, 1896; Caro Baroja, 1986; Otaegui, 1984; Arizcun, 1988). The
amount of basabera collected was also fixed in many cases (Unamuno, 1896), e. g., 3 carts
of litter (about 1,200 kg) and as much bracken as farmers could cut in the village of Iurre,
or up to 6 carts (about 2,400 kg) in Getxo. By the end of the nineteenth century some
villages started auctioning off bracken fields in the face of increasing demand. 
The significance of the extraction of bracken and litter may be inferred from the in-
come obtained by local councils in Lea-Artibai in the late eighteenth and early nineteenth
centuries, which amounted to 16-25% of the total revenue they obtained from leasing var-
ious assets (Martínez Fernández, 1993: 81; López Musatadi, 1998: 106). In the 1950s,
the price of bracken was estimated at 0.30 pesetas.kg-1 (Trueba, 1956; Greenwood,
1976).
The yield of bracken fields was 2,256 kg per hectare of fibres convertible to humus (Ar-
buru, 1956). If we consider this to mean organic carbon, the figure is similar to that ob-
tained by Olarieta et al. (2007) in Lea-Artibai, 2,100 kg.ha-1, equivalent to a yield of 4,400
kg of dry matter (DM) per hectare. Trueba (1956) also reported figures of 4,400-4,500
kg DM.ha-1. A survey of various fields in the Basque Country offered figures reaching up
to 6,000 kg DM.ha-1 (Miñana, 1980). 
The nutrients extracted in 4,400 kg DM amount to 47-58 kg N.ha-1, 3-11 kg P.ha-1,
40-58 kg K.ha-1, 13-19 kg Ca.ha-1, 8 kg Mg.ha-1, and 2 kg S.ha-1 (Arburu, 1956; Ola rieta
et al., 2007). This extraction alone produced a negative budget of nitrogen, phosphorus
and potassium, and would have also produced an acid load of 6 kg H+.ha-1.year-1 that
would have required the application of 300 kg CaCO3.ha-1.year-1 to be neutralized, or oth-
erwise it would decrease soil pH from a value of 5.0 to a value of 4.0 in about 110 years.
8. HOW MUCH BRACKEN WAS COLLECTED?
There is no explicit data about the amount of bracken collected by farmers in Lea-
Artibai in the study period. We have approached this issue by considering the bedding re-
quirements of farm animals as the minimum needed, considering the number of animals
in the county (see Section 4), their bedding requirements, and the yield of bracken fields.
Estimates of annual bedding requirements are 180 kg.ewe-1.year-1, 1,000 kg.pig-1.year-1,
and 1,400 kg.cow or horse-1.year-1 (Cascón, 1918). Greenwood’s estimate (1976) of only
694 kg of bracken per cow may be related to the evolution in barn type and management.
We have used Cascón’s data taking also into account the amount of time that each type
of animal was kept indoors (Table 3). Based on these numbers and the 1865 census, 3,541
ha of bracken fields were required every year to obtain the bedding material for farm an-
imals.
Similar calculations considering the average LW in farms of Lea-Artibai suggest that
they required about 7.4 Mg of bracken from about 2 ha of bracken fields. About 20 hours
of work were required to harvest 1 ha of bracken according to old farmers (Pedro Aizpu-
rua, personal communication), and those farms therefore would have required 4-5 days
to harvest the bracken required for their animals. This is much less than the period allowed
in most villages. Even the big farms with the equivalent of 8-9 cows would have required
only 6-7 days. 
Some of the harvested bracken was not used for bedding at all. According to a 1754
source, farmers
are allowed to collect bracken from September onwards in common land; they bring
it home, and either in the barns or outside the house, in paths and ditches, they let
it to rot and produce manure. They also take great care to collect the dry leaves fa-
llen from the trees, bring them in carts and let them rot, which happens very easily
(Larramendi, 1985: 63). 
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Therefore, bracken harvesting was driven by the fertilization as much as by the bed-
ding requirements of farms. In Galiza (northwestern Spain) a similar process was applied
to gorse, and all tasks involved in producing manure would amount to 20% of the total
labour in the farm (Balboa & Fernández Prieto, 1996). 
In Lea-Artibai, the three course-rotation involved manuring each crop (SBAP, 1768;
Vicario, 1901; Laffite, 1918), i. e., three applications every two years. Managed grasslands
were also manured once a year (Douglass, 1977). Therefore, each year the equivalent of
5,800 ha were manured in the 1860s. The manure obtained from the animal excreta and
bedding material would have provided 7,355 kg.ha-1year-1. 
The upper limit of the amount of bracken collected by farmers may be established from
the rarely-achieved traditional recommendation of 10 Mg.ha-1year-1 of manure. To achieve
this amount, and further from the 7,355 kg.ha-1year-1 collected in the barns, the remain-
ing 2,645 kg.ha-1year-1 would have required a further 4,101 ha of bracken fields, on top
of the 3,541 ha needed to obtain the bedding material (Table 5).
In the early twentieth century, and considering the same animal LW in Lea-Artibai as
in 1865 and 4,000 ha of arable land, the manure available to fertilize this land was 5,884
kg.ha-1.year-1. Another 7,043 ha would have been required to achieve 10 Mg.ha-1year-1 of
manure to fertilize that amount of arable land (Table 5).
9. A “FERTILIZER CRISIS”: WAS THERE ENOUGH BASABERA IN LEA-
ARTIBAI?
The pressure on firewood from lime kilns was already a matter of concern in 1711 in other
areas in the Basque Country (Arizcun, 1988), and the SBAP complained about the short-
age of fertilizers: 
the tragedy is that the same emphasis that farmers have put in obtaining this tre-
asure [fertilizer] (as this is how they quite rightly call it) has cleaned all the fields,
in such way that pastures, bracken, litter, and the gorse required to burn the lime
kilns have notably decreased. So much so, that some farmers have not been able to
collect, whatever the price, the few carts of manure they required for their home gar-
den (SBAP, 1768: 31).
The extraction of basabera intensified later on, eventually leading, according to vari-
ous authors, to a “fertilizer crisis” in the early nineteenth century in the region (Olazábal,
1857; Fernández Albaladejo, 1975). Such crisis also appeared in other regions of Spain
in the late nineteenth century (González de Molina et al., 2015). In the early twentieth
century Laffite (1918) recorded complaints of farmers the Basque Country in relation
to the diminishing availability of both bracken and gorse for bedding. But was there
enough basabera resources in Lea-Artibai County to cope with the expanding agriculture?
We have approached this question by considering whether the county could have ac-
commodated all land uses in the study period. 
TABLE 5
Area (ha) covered with different land uses in Lea-Artibai County in the 1860s and in
the first decades of the twentieth century
1860s 1910-30
Rock outcrops1 403 403
Built up1 174 174
Cropland 3,200-3,400 4,0002
Managed grassland 800-850 1,0003
Permanent grassland 2,650-3,843 2,550-3,650
Forest 4,000 5,0002
Gorse4 2,000-3,600 2,000-3,600
Bracken available5 4,314-7,357 3,023-5,674
Bedding6 3,541 3,541
Bracken required Crop extractions7 3,765 6,673
Optimum manuring8 7,642 10,584
Sources: 1: estimated from the interpretation of the 1946 aerial photographs; 2: estimated as the mean value
between the area in the 1860s and in 1946; 3: estimated as 25% of the arable land (Trueba, 1956); 4: con-
sidering only the gorse fuelwood required to produce lime for yearly soil pH maintenance; 5: calculated by
subtracting the land covered with all the other land uses from the total area of the county (20,584 ha); 6:
area of bracken fields required to obtain the bedding for farm animals considering the same number and
type of farm animals in 1910-30 than in the 1860s; 7: area of bracken fields required to obtain 7500 kg.ha-
1.year-1 of manure for the arable land; 8: area of bracken fields required to obtain 10,000 kg.ha-1.year-1 of
manure for the arable land.
Table 5 summarizes the estimated amount of land occupied by the various land uses in
Lea-Artibai County in the 1860s and in the first decades of the twentieth century, the area
that would have been left for bracken fields, and the area of bracken fields required to
achieve different targets, i. e., the bedding requirements of farm animals, the extractions
by crops7, or the “optimum manuring” of 10 Mg.ha-1year-1. 
7. GARAGARZA (1859-1861: 61) estimated that 7.5 Mg.ha-1.year-1 of manure were required to com-
pensate for the extractions by crops.
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In the 1860s, the availability of bracken at the county scale would have been able to
provide enough material to produce, together with animal excreta, the amount of manure
sufficient to fertilize arable land over the “crop requirements”. But by the early decades
of the twentieth century bracken fields could not be the only source of fertilizing mate-
rial for arable land as they would have hardly been able to supply the bedding require-
ments of farm animals. Extensive extraction of bracken and litter from forests and gorse
fields would have been required, but at a high cost for the source ecosystems, both in terms
of vegetation dynamics and in relation to their nutrient stocks.
Planting of forest trees by individual farmers was allowed, and promoted, on local land
in order to maintain the forest area, and these farmers had the right to collect the litter
and shrubs under their trees (Vicario, 1901). Harvesting of undergrowth in forests was
therefore a very common practice (Iturriza, 1885; Larramendi, 1985) and thought to be
one of the main reasons for their poor regeneration and general decline (Olazábal, 1857;
Garagarza, 1859).
Furthermore, the extraction of bracken, gorse, and litter surely had significant con-
sequences on shrublands (Watt, 1956): cutting of bracken in autumn has a very small ef-
fect on regrowth during the next season, but by limiting the amount of litter produced
may slowly decrease its yield; and bracken availability may have also decreased through
time as it was left on the thinner soils where its yields are smaller and the deeper soils were
turned to agriculture or grassland.
The fertilizer crisis reported by various authors may have been related to a shortage
of manure, but certainly other factors also played their part, including the decline in the
mineralizing effect of lime on the organic stocks of nutrients in the soils, the erosion in
the steep arable fields, and the emergence of the shallow nature of most soils in Lea-
Artibai (75% of former arable soils are less than 50 cm deep) as a limiting factor for maize
production (Olazábal, 1857).
10. CONCLUSIONS
The maize revolution in the eighteenth and nineteenth centuries in Lea-Artibai County,
and in the humid Basque Country in general, was based on a process of nutrient con-
centration in agricultural fields, consistent with the concept of “concentrational agri-
culture” proposed by Christiansen (1996), that required the depletion of nutrients and
acidification of soils in shrubland through the collection of bracken, gorse, and plant
litter in order to produce the manure and lime required for arable fields. The area re-
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quired to produce these plant materials was equivalent to 150-200% of the area of crop-
land.
The “bracken economy” described here reveals that agriculture in general imposes a
double metabolic rift: a general one between human settlements (and their sinks of
residues) and agrarian systems, and a subordinate one between the cultivated soils of these
systems and the ecosystems that act as their sources of nutrients. The different modes of
concentrational agriculture represent the specific ways in which societies coped with the
metabolic rift and passed it on to their sources of plant nutrients by using different nu-
trient carriers (e. g., the animals bringing manure from the outfield, the plant material
collected directly from this outfield).
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